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1.0 Tnewroduction

“rig dotunent is one of a series of documents for managers and Huiman
Tactors Fogineering (FFE) specialists about MIL-H-46855 (KReference 1).

Ai--4o8 » contains hwran engineering requirements for analysis, desigi,
2. t2st oondg .3 inetion durong system acquisition.
dite 1o this guide for managers to the design sections of
Moo= h. o faere e oiices for managers to:
Y othe T eais sactions of MIL-H-463855 (Reference 2)
e oLt w0 evaluation sections of MIL-H-46855 (Reference 3).

itocayues ror the HFE specialist to:
Y e nnovnat sections of MIL-H-40855 (Reference 4)
it oo e oo tiops of MIL-H-46855 (reference 5)
3} tre iest gt cvaiuvation sections of MIL-H-46855 (Reference 6).

1.7 Purgrse 0of the Guide

MiL-H-40855 states the human engineering design requirements out does
not specify how or when to implement them. This guide provides a singie
source of information for both Navy and contractor managers on
implementation techniques and when they are used.

1. MIL-H-46855A, Human Engineering Requirements for Military Systems,
Equipment and Facilities, 4 May. 1972.

2. Geer, C. W., Navy Manager's Guide for the Analysis Sections of
MIL-H-46855, D180-19476-~2, Boeing Aerospace Company
BAC), Naval Air Development Center (NADC), Warminster,
Pa., 30 June 1974,

3. Geer, C. W., Navy Manager's Guide for the Test and Evaluation Sections

of MIL-H-46855, D194-10006-2, BAC, NADC, 30 June 1977.
4, Geer, C. W., Analyst's Guide for the Analysis Sections of MIL-H-40855,
D1880-19476-1, BAC, NADC, 30 June 1976.
5. English, M., User's Guide for the Design Sections of
MIL-H-46855, NADC-79220-60, BAC, NADC, 256 September 1980.
6. Geer, C. W., User's Guide for the Test and Evaluation Sections of
MIL-H-46855, D194-10006-1, BAC, NADC, 30 June 1977.




1.2 Scope of the Guide

As background, the quide briefly describes the HFE design process anu
the military standards and specifications which require that this praocess
he performed during system acquisition. Standard design technigues which
have proved useful to HFE specialists for a number of years are briefly
described as well as newer techniques using computers.

This guide will be of use to Navy managers in preparing Requests for
Proposal, System Specifications, and contractors' Statements of Wourk; in
selecting Data Item Descriptions for inclusion in the Contract Data
Requirements List; and in monitoring the HFE design phase of programs. It
will be of use to contractor managers in preparing propusals and in
managing the HFE design portion of contract performance.

Tne quide complementary to this one for HFE specialists (Reference 5)
contains considerably more detail ahout HFE design technicues than this

manager's guide.
2.0 Documented Requirements for HFE Design

General requirements for Navy system acquisition, including the design
phase of system acquisition, are in Department of Defense (DoD) directives
and in Secretary of the Navy (SECNAV) and Chief of Navy Material {NAVMAT)
instructions. General HFE design requirements are in NAVMAT instruc-
tions. Specific HFE design requirements and criteria are in military
specifications and standards. Specific HFE design products which a system
contractor must deliver to the Navy are in Data Item Descriptions. HFE
design principles and design data are in HFE guides, handbooks and general
literature. HFE design techniques are in this guide.

5. English, M., User's Guide for the Design Sections of

MIL-H-46355, NADC-/79220-60, Boeing Aerospace Company,
Naval Air Development Center, Warminster, Pa., 2b
September 1980.
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2.1 DoD and Navy Design Directives and Instiructions

In 1971, the Deputy Secretary of Defense established the policy for
major defense systems acquisition by the military services in Dol
Directive 5000.2 (Reference 7). The Secretary of the Navy implementea
this policy in SECNAVINST 5000.1 (Reference 8). Tne Chief of Navy
Material establishad the general reguirement for performing HFE design
during systems acquisition in NAVMATINST 3900.9 (Reference 9). This
instruction states that the human element of a Navy system shali undergo
the same development, test, and evaluation steps as equipment elements of
the same system.

2.2 Military Specifications and Standards

In 1966, specific requirements for HFE design during systems
acquisition were established in military specification MIL-H-46855
{Reference 1). Also in 1966, specific HFE design criteria were
established in military standard MIL-STD-1472 (Reference 10). Both of
these documents have been updated since SECNAVINST 5000.1 (Reference 8)
was published. These two documents are usually cited in a contract
between the Navyand industry as containing the contractual HFE design
requirements and criteria.

There are other military standards which contain specialized HFE
design criteria and which may be cited in the contract.

Examples of these standards are: MIL-L-25467 (Instrument Lighting),

1. MIL-H-46855A, Human Engineering Reyuirements for Military Systems,

Equipment and Facilities, 4 May 1972.

7. DoD Directive 5000.2, "Major System Acquisition Process", Washington,

0. C., 1971.

8. SECNAVINST 5000.1, “"System Acquisition in the Department of tne Navy",

1972.

9. NAVMATINST 3900.9, "Human Factors", Department of the Navy,Headquarters

Naval Material Command, Washington, D, C.,
September 1970.




MIL-STD-411 (Air Crew Station Signals), and MIL-STD-1333 (Air Crew Station
Geometrv). There are aiso other military specifications which affect nFE
design and which may be cited in the contr.ct. An example of one of these
specifications is MIL-M-8650 (General Specification for Aircraft Mockups).
The contents of MIL-H-4685% (Reference 1) and MIL-STD-1472 (Reference
10), which are usually tne Navy's and the contractor's primary sources ot

HFE design requirements and criteria, are described below.
MIL-H-46855

MIL-H-46855 has separate sectiions containing requirements for HFE
analysis, design, and test and eva]uation. The relationsnips of the
sections is illustrated inFigure 2.0-1. The contents of the design
requirements sections (3.72.2 dand its Suoparagrapns) are described below.
A copy of the complete text i Section 3.3.3 is in Appendix B.

Section 3.2.2 "Human Engineering in Equipment Detail Design" is
divided into four subsections: studies, experiments and laboratory tests;
equipment detail design drawings; work environment, crew stations and
facilities design; and performance and design specifications.

Paragraph 3.2.2.1 (studies, experiments and laboratory tests) states
that numan engineering and life support problem areas must be identified,
called to the attention of the procuring activity, and resolved in a
timely manner, by studies, experiments and laboratory tests it necessary,
so that the results can be incorporated into equipment design.

Paragraph 3.2.2.2 (equipment detail design drawings) states that
equipment drawings must be evaluated to assure tnat human engineering

1. MIL-H-46855A, Human Engineering Requirements for Military Systems,
Equipment and Facilities, 4 May 1972.
10. MIL-STD-1472B, Human Engineering Design Criteria for Military Systems,
Equipment and Facilities, 31 December 1974,
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4

principles and criteria have been applied to the design of the equipment
represented by the drawings and that they comply with MIL-STD-147/¢.

Paragraph 3.2.2.3 (work environment, crewstations and facilities
design) states that human engineering principles and criteria must be
applied to detail design of work environments, crew stations, and
facilities to be used hy the human in the system and that the design of
these items must comply with MIL-STD-1472. The effect on human
performance under normal, unusual and emergency conditions must be
considered.

Paragraph 3.2.2.4 (performance and design specifications) states tnat
performance and design specifications for the system must comply with
MIL-STD 1472 and other human engineering criteria specified vy the
contract.

MIL-STD-1472

As noted in the dgescription of MIL-H-46855 above, MIL-STD-1472 is
frequently ciited as the primary source of HFE design criteria. Figure
2.0-2 illustrates a page of text from MIL-STD-1472 and Figure 2.0-3
illustrates a supporting fiqure reterred to in the page of text. This
standard contains specific descriptions of the chardcteristics which
systems, equipment and facilities snould have. The purpose of this
standard is to specify in terms which are verifiable how equipment and
facilities should be designed so as to insure that required operator
performance is achieved and that personnel safety is not jeopardized.
This standard is su important to HFE design that a checklist based on its
contents is a pasic HFE design technique (described in Section 7 of this
guide).

2.3 Data Item Descriptinns

A Navy contract always contains a list specifying exactly what
products the contractor must deliver. This 1list is called the Contract
Data Requirements List (CDRL, DD Form 14¢3). Stancardized descriptions of
the many products which might be contracted for have been developed.

These standardized descriptions are called Data Item Descriptions (01Ds,

DD Form 1664). For a specific contract, the appropriate DIDs are selected
and included in the CDRL by the Navy.
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MIL-STD-14728B
31 December 1974

5.2.1.3 Location and Arrangement -

5.2.1.3.1 Accuracy - Displays shall be located and designed so that
they may be read to the degree of accuracy required by personnel in the
normal operating or servicing positions.

5.2.1.3.2 Access - Ladders, supplementary lighting, or other special
equipment should not be required in order to gain access to or to read
a display.

5.2.1.3.3 Orientation - Display faces shall be perpendicular to the
operator's normal line of sight whenever feasible and shall not be less
than 459 from the normal line of sight (see Figure 1). Parallax shall
be minimized.

5.2.1.3.4 Reflection - Displays shall be constructed, arranged, and
mounted to prevent reduction of information transfer due to the reflec-
tion of the ambient illumination from the display cover. Reflection of
instruments and consoles in windshields and other enclosures shall be
avoided. If necessary, techniques (such as shields and filters) shall
be employed to insure that system performance will not be degraded.
5.2.1.3.5 Vibration
5.2.1.2.5 Vibration - Vibration of visual displays shall not degrade
user performance below the level required for mission accomplishment
(see para 5.8.4.2).

5.2.1.3.6 Grouping - A1l displays necessary to support an operator
activity or sequence of activities, shall be grouped together.

5.2.1.3.7 Function and Sequence - Displays shall be arranged in rela-
tion to one another according to their sequence of use or the functional
relations of the components they represent. They shall be arranged in
sequence within functional groups whenever possible to provide a viewing
flow from left to right or top to bottom.

5.2.1.3.8 Frequency of Use - Displays used most frequently should be
grouped together and placed in the optimum visual zone (see Figure 2).

5.2.1.3.9 Importance - Very important or critical displays shall be
placed in a privileged position in the optimum projected visual zone
or otherwise highlighted.

5.2.1.3.10 Consistency - The arrangement of displays shall be consistent
in principle from application to application, within the 1imits specified
herein.

FIGURE 2.0-2 - PAGE OF TEXT FROM MIL-STD-1472

7




MIL-STD-14728
31 December 1974

_Figure 2, VERTICAL AND HORIZONTAL VISUAL FIELD
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On 1 June 1979, the following updated series of human engineering
DIDS were published with ARMY/MIRADCOM as the office of primdry
responsibility:

Dob DI-H-7051, “Human Engineering Program Plan"

DoD DI-H-7052, "Human Engineering Dynamic Simulation Plan"

Dob DI-H-7053, "Human Engineering Test Plan®

DoD DI-H-70%4, "Human Engineering System Analysis Report"

DoD DI-H-7055, "Critical Task Analysis Report"

DoD Di-H-7056, “Human Engineering Design Approach Document-Operator"

DoD DI-H-7057, "“Human Engineering Design Approach Document-Maintainer"

DoD DI-H-7058, "Human Engineering Test Report"

DoD 0I1-H-7059, "Human Engineering Progress Reports"

These DIDs specify in getail the human engineering activities wnich
must be performed by a contractor during systems acquisition and the human
engineering products which the contractor must deliver to the Navy. Three
of these HE DIDs apply directly to the HFE design process and all of tne
others apply indirectly.

The text of the three DIDs which apply directly to the design process

is in Appendix C and the contents are described below.
DI-H-7052

D1-H-7052, the HE Dynamic Simulation Plan DID, describes in detail how
the contractor's dynamic simulation plan should be prepared, if dynamic
simulation is going to take place.

DI-H-7056 and DI-H-7057

DI-H-7056 and DI-H-7057, the HE design approach documents for the
operator and the maintainer of the system being acquired, explain what the
two design approach documents should contain. The operator design
approach document must describe the layout, detail design and arrangement
of crew station equipment having an operator interface and the operator
tasks associated with the equipment. The document must also describe the
extent to which the human performance requirements, MIL-STD-1472 aesign
criteria, and the requirements of other applicaole HE documents specified




in the contract have been incorporated in tne crew station equipment.
Results of operator task analysis must be presented as part of the
rationale supporting the layout, design, and integration of crew station
equipment.

The operator design approach document must contain the following crew
station and operator-related information: a list of each item of
equipment having an operator interface, a 1ist of specifications and
drawings approved by human engineering, and a description of the crew
station emphasizing human engineering design features. Design features to
be described are: each crew station and each item of crew station
equipment; each control/display panel; operator vision to crew station
items of equipment and operator external vision; environmental factors;
normal and emergency indress and egress; crew station lighting
characteristics and Tighting control system; crew station warning, caution
and advisory signals; seating, restraint systems and other postural
controls; communications systems and “communications systems control; any
special design, layout, or arrangement features required by mission or
system environment; and multiple operator stations design, if applicable.
Other information required includes geometric layout of the crew stations;
rationale for human engineering design, layout and arrangement of eaci
item of crewstation having an operator interface; and narrative whicin
provides rationale for any need to deviate from MIL-STD-1472. Similar
information reaquirements are made for the maintainer design approach
document,

A1l of the other DIDs indirectly affect the HFE design effort. These
DIDs are briefly described below.

DI-7051 and DI-H-7052

DI-H-7051 and DI-H-7059, the HE program plan and progress report DIDs,
agescribe how to prepare the program plan and progress reports which, among
other things, describe in detail how all HE adesign requirements are being

10
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fulfilled. HFE personnel may prepare tne HE design portion of the plan
and reports; if not, these documents will be a source of information.

DI-H-7053 and DI-H-7058

DI-H-7053 and DI-H-7058, the HE test plan and test report DIDs,
describe how to prepare the documentation associated with contractor
tests. It is part of the test evaluation function rather than the uJesign
function to perform these tests and document them, but the test results
are used by the Navy to assure that the numan-equipment interface which is
designed during the design phase conforms to the contractual requirements,

DI-H-7054 and D]-H-7055

DI-H-7054 and DI-H-7055, the HE system analysis and critical task
analysis report DIDs, describe the system analysis and critical task
analysis that must be done. These reports are sourtes of input adata from
the analysis phase to the design phase.

2.4 Guides, Handbooks, and General Literature

There are a number of guides and handbooks and a quantity of general
literature wnich contain information about HFE design. HFE design guides
and handbooks were a source of information for MIL-STD-1472, and searches
of the general literature are a standard human engineering design
technique. Some of these publications are referenced in the guides for
analysis and test and evaluatiion (References 4 and 5).

3.0 Practical Requirements for HFE Design

The practical requirements for HFE design underly the documented
requirements and are what caused the documented requirements to come into
being. These practical requirements include the need for operators and
maintainers to be able to consistently perform with a certain level of
accuracy and speed in order to have systems achieve their desired
capabilities, the need to protect the operators and maintainers from

3
L




injury or deatn, the need for special equipment to keep operators and

maintainers alive in systems operating in environments hostile to human
life, and the need to minimize requirements for large numbers of hignly
skilted and trained personnel. Each of the practical requirements is

priefly discussed below,
3.1 Human Performance

A1l systems require a certain level of numan performance in order to
function as specified. In order to meet system performance requirements
such as speed, maneuverability, range or turnaround time, the operators
and maintainers of the system must meet certain minimum requirements for
performing their assigned tasks. Human performance requirements for a
system are usually expressed in terms of time to perform a task, accuracy
of performance, and consistency (reliability) with which the speed and
accuracy can be maintained. Some of the documented HFE design criteria
exist to assure the achievement of necessary operator and maintainer task

times and error rates.
3.2 Safety

In order to achieve the requirea level of system performance and for
humane reasons, operator and maintainer personnel must be protected from
injury and death. Some of the documented HFE design criteria exist to
assure tne safety of system personnel.

3.3 Life Support Criteria

In hign performance systems and systems requiring closed loop
environmental control, life support requirements are particularly

4, Geer, C. W., Analyst's Guide for the Analysis Sections of MIL-H-4(855,
D1880-194/6-1, Boeing Aerospace Company (BAC), Naval Air
Development Center (NADC), Warminster, Pa., 30 June 1975,

5. Geer, C. W., User's Guide for the Test and Evaluation Sections of
MIL-H-46855, D194-T0006-1, BAC, NADC, 30 June 1977.

12
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critical. Some of the documented HFE uesign criteria exist to assure the
adequacy of life support features of systems.

3.4 Training/Personnel Skills/Personnel Quantities

The number of personnel required to operate and maintain a system and
the level of skill and amount of training these personnel must have
greatly impact the cost of a system and the lead time required to get the
system into operation. Some of the documented HFE design criteria exist
to avoid tne need for extra personnel, skills and training in order to
operate or maintain poorly designed equipment.

4.0 Basic Considerations in HFE Design

There are several basic considerations which must be taken into
account in planning and accomplishing an HFE design effort. These
considerations are the type of data required to begin an HFE design
effort, the timing of the HFE design effort, and products which will be
produced by the HFE design effort.

4.1 Data Inputs to the Design Frocess

The data inputs to the design process consist of the outputs of
the analysis phase plus data that is generated during the design phase.
The manager's quide for analysis (Reference 2) describes a number of
analysis techniques. Ideally, enough analysis will have been done during
the analysis to provide the required design input data. If not, some
analysis will have to be performed at the beginning of tne design pnase.

2. Geer, C. W., Navy Manager's Guide for the Analysis Sections of

MIL-H-46855, D180-19476-1, Boeing Aerospace Company,
Naval Air Development Center, Warminster, Pa., 30 June
1976.




A sampling of the analysis activities which precede design activities are

described ahove.

1) Mission analysis is performed and mission profiles are proauuced
which give the HFE specialist a good idea of the operational situation or
events that will be confronting operators and maintenance personnel.

2) Mission scenarios which fully describe the events implied by the
mission profiles are written in narrative form describing the propused
mission in detail and identifying key events and implied requirements.
A1l essential system functions such as failure modes or emergency
procedures are included. The mission scenarios are sufficiently detailed
to give the HFE specialist an understanding of the mission.

3) Functional flows are developed for detailed system requirements
down to the Tlevel of specific operator tasks. Significant operator
performance requirements and the details of critical operator tasks are
been determined. Early estimates are made of likely crew interface
requirements, capability, special provisions needed, potential problems
and probable solutions.

4} Preliminary workload data is estimated and information provided for
manning and training estimates.

5) Decision/action diagrams are prepared showing the flow of required
system data in terms of operaticns and decisions. These diagrams record
the sequence of operations and decisions which must be performed.

6) Action/information requirements analysis defines the specific
actions necessary to perform a function and the specific information that
must be provided to perform the action. The HFE specialist performing the
analysis pairs action requirements with possibie control hardware and
information requirements with possible display hardware.

7) Function allocation trades are made to provide the baseline for
crew task definition, control and display operations requirements, crew
station configuration concepts, workload evaluation and crew station
design and evaluation. The allocation of functions, actions, and
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decisions is based on the known capabilites and limitations of operators,

the state of the art of hardware and software, and estimated performance
to be required in terms of speed, accuracy and load.

8) Timelines are prepared to examine time and errors. Time-critical
sequences are analyzed to verify that all necessary events can be
performed. The occurrence of incompatible tasks is assessed and workload
is evaluated from the timelines.

9) Flow process charts are prepared showing the flow of operator
activities and information exchange in time sequence. These flow process
charts are used t¢ develop and evaluate concepts for each operator
station.

10) Operational sequence diagrams are prepared providing a graphic
presentation of operator tasks as they relate sequentially to both
equipment and other operators. Symbols are used to indicate actions,
inspections, data transmitted or received, data storage, and decisions to
show the flow of information through a system.

4.2 Timing of the Design Effort

In order to have maximum impact on design, the HFE design effort must
occur at the proper time in the overall design effort. The timing of the
HFE design effort as it relates to other HFE activities and to overall
program phases is illustrated in Figure 4.0-1. The timing of some of the
details of the HFE design effort is discussed below.

Ordinariiy, 30 days after contract award a Technical Interchange
meeting between Navy and contractor HFE specialists occurs. At this
meeting, arrangements can be made for weekly telephone contact or other
means of keeping in close touch. Scheduled contact include Preliminary
Design Reviews, Critical Design Reviews, and Lighting Mockup Reviews.

At the beginning of the design phase, the contractor HFE manager
should schedule the contractor HFE specialists to immediately prepare HFE

design criteria in a format appropriate for early transmittal to systems

-

e ia

PR




140443 NOIS3IQ 34H 3FHL 40 ONIWIL - L-0°% 3YN9I4

] NOILYNIVA3I ONY 1§31
. ]
NOIS30
] ga(z(.
IN3WdO13A30
NOILLONAOUd 3125 1IN NOILVYQITVA IVNLIIONGD SYINY 3H NOIVN

ISVYHE WV ED0Ud

16




designers., The contractor HFE manager should assure thal contractor HFE
specialists maintain close contact with designers, as it is always easier
to get input accepted while the designer is sketching with pencil at tne
drarting board than after a design concept is finalized in drawing form.
Contractor HFE specialists will also prepare their own conceptual design
sketches of control and display consoles and other critical human-
equipment interfaces as early as possible in order to have maximum impact
on system design. HFE specialists should perform all the design
techniques discussed in Sections 7 and 8 as early in the design process ds
the data can be obtained or generated.

4.3 Products of the HFE Design Effort

The products of tne HFE design effort are designs of human-machine
interfaces, evaluation of tnese designs, and documentation that HFE design
criteria have or have not been met. The HFE manager shoula assure that
records of designs, design recommendations, and design evaluations ana
their rationale are kept on file. Figure 4.0-2 illustrates the many
potential users of the products of the HFE design effort.

5.0 The HFE Design Process

The purpose of the design phase of a program is to convert the
concepts arrived at in the analysis phase into a system design represented
by engineering drawings and to build the first hardware. The purpose of
performing HFE during the design phase is to produce a system desian which
correctly utilizes human capapbilities and does not exceed human
limitations. This goal is accomplished by incorporating HFE design
criteria into all parts of the system which have human-machine interfaces.

HFE design criteria describe the characteristics which human-machine
interfaces should have and are based on HFE knowledge of human
capabilities and limitations derived from laboratorv research and years of
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field experience. Incorporation of HFE design criteria into system design
will assure that tne system can be efficiently operated by its human
cperators and that the design of the system does not lead these operators i
to commit errors. Human-machine interface design includes hardware, i
software, procedures, work environment, and facilities.

5.1 Role of the HFE Specialist

The project and HFE manager should be aware of the various roles
performed by the HFE specialist. During system design, the HFE specialist
may perform one or more of the following roles: contract monitor,
equipment designer, consultant to equipment designers, or evaluator of
equipment designs. Which of these roles is performed depends partlyv on
whether the specialist is representing the Navv or the contractor and
partly on the type of program and the structure of the specialist's
organization. The roles usually performed by Navy and contractor HFE
specialists are indicated below:

HFE Specialist

Contractor Navy
1) contract monitor X
2) equipment designer X
3) consultant to equipment
designers X | i
4) evaluator of equipment
designs X X

Contract Monitor

when performing as contract monitor, the Navy HFE specialist monitors
all of the activities and products of the contractor HFE specialist
through Technical Interchange Meetings, Preliminary Design Reviews,
Lighting Mockup Reviews, Critical Design Reviews, weekly telephone calls,
review of documentation prepared, and other means. The contract monitor
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also monitors any operator-machine interfaces produced by a contractor
which have not had contractor HFE input. On occasion, the contractor HFE
specialist may be contract monitor of subcontractor HFE efforts.

Designer

When performing as designer, the HFE specialist (usually the
contractor HFE specialist) lays out controls and displays and other
critical human-machine interfaces in sketch format. Sometimes the
sketches are converted into finished drawings in the HFE group but more
often they are handed to the design engineers very early in the design
phase in order to get the concepts incorporated into the design engineers'
final designs. .

Design Consultant

When performing as design consultant, the HFE specialist (usually the
contractor HFE specialist) provides HFE design criteria and other guidance
to design engineers. The design criteria may be prepared in the form of
an annotated MIL-STD-1472 checklist as described in Section 7, a list of
available parts which meet MIL-STD-1472 requirements, a design layout
sketch as described in the preceding paragraph, Tisting and clarification
of the requirements of other military standards and specifications,
guidelines representing HFE principles not incorporated in military
standards and specifications, and verbal information provided
spontaneously or in response to questions from designers. In the
consultant role, it is important for the HFE specialist to have constant
interaction with system designers and to establish a good working
relationship so that HFE input will be incorporated.

Design Evaluator

Design evaluator is one of the HFE specialist's most frequently
performed roles. The designs produced by the contractor's design
engineers are evaluated first by the contractor HFE speciaiist and later

20

RIS rrm——




by the Navy HFE specialist. As design evaluator, the HFE specialist uses
the MIL-STD-1472 checklist, simulated task performance in mockups, and
other techniques described in Sections 7 and 8. The contractor specialist
documents compliance with MIL-STD-1472 design criteria and any other HFE
contractual design criteria and prepares requests for deviation where
appropriate. The Navy specialist reviews the contractor's aocumentation,
personally applies the MIL-STD-1472 checklist and otner HFE criteria to
selected hardware, and approves or disapproves the requests for deviation.

5.2 General Purposes of Design Techniques

In performing the roles described in the preceding section, the HFE
specialist must specify the contents of HFE design criteria, incerporate
these design criteria into designs, determine whether the designs meet the
design criteria, and document that that the design criteria have been met.

The specialist uses various techniques to accomplish these
éctivities. To specify the contents of HFE design criteria, the
specialist uses contractural documents and military specifications and
standards. To incorporate design criteria into designs and to determine
whether design criteria have been met, the specialist uses design
criteria checklists, measurment equipment, and the other techniques
mentioned in paragraph 5.3 below. 10 document that design criteria have
been met, the specialist using drawing signoffs, design reviews, and
deviation requests. Many of these techniques are described vriefly in
Sections 7 and 8.

5.3 General Types of Design Techniques

To accomplish the purposes referred to in the preceding section, the
HFE specialist uses techniques to represent the hardware/software,
techniques to represent the operator, techniyues to represent tne operator
interacting with the hardware/software, and techniques to solve problems.
Techniques representing the hardware/software are sketches, drawings,
schematics, mockups, and scale models. In addition, first production
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hardware, which is the actual nardware rather than a representation of it,
is evaluated. A technique representing the operator is anthropometric
manikins. Techniques representing the operator interacting with the
hardware/software are visibility diagrams, reach envelopes, walkthroughs,
simulators, and computer models. Techniques for solving problems are
tradeoffs, literature surveys, expert consultation, studies and
experiments, and expert judgment. Some of these techniques are described

in Section 7.
6.0 Selection of Design Technigues

The choice of a design technique for performing an HFE design activity
depends on the activity, on the cha}acteristics of the technique, and on
the personnel, time, and equipment available to use the technique. To aid
in selecting design techniques, information is provided in the user's
guide (Reference 5) about the characteristics of each technique and about
ihe relative resource requirements,

The information about the characteristics of each technique contained
in the user's guide includes a summary description of the technique, a
statement of when in the program the technique is used, a wuescription of
tne product produced by the technique and the purpose of the product, a
description of what the HFE specialist must do to use the technique, a
list of the technigue's advantages and disadvantages, and, for the
techniques using computers, an application example if available and the
contact for source documents.

Because of the number of variables in a program, it is uifficult to
provide any actual resource figures for the various techniques. However,
to give some idea of resource requirements, the techniques have oneen

5. English, M., User's Guide for the Design Sectionus of MIL-H-46855,
NADC-79220-60, Boeing Aerospace Company, Naval Air Development
Center, Warminster, Pa., 26 September 1980.
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compared to each other on the basis of whether tne time to perform is

l ‘ short, medium, or long and whether the complexity, cost, and cost
effectiveness is low, medium, or high. This comparison appears in Tabvle
6.0-1.

7.0 Standard Design Techwiques

The techniques descrioed in this section have been used hy HFE
specialists for a number of vears. Tnese techniques have been found to
have a great deal of utility, and in fact, human engineering design could
not be accomplished without some of them.

7.1 Design Techniques For Design Criteria Specification, Incorporation,
Evaluation, or Documentation !

Tne design techniques described in this section are used to specify i
HFE design criteria, to incorporate HFE design criteria into designs, to '
evaluate whether HFE design criteria have veen incorporated into designs,
and to document compliance with HFE design criteria.

7.1.1 Contractual Documents

The System Specifications and the Statement of Work (SOW) are
contractual documents. It is important to have human engineering design
requirements and criteria written into these documents to give visibility
and authority to HFE during system design. Navy HFE personnel are
primarily responsible for accomplishing tinis objective. The process is
described balow. ‘

7.1.1.1 System Specifications. The system specifications document is the

basic source of design requirements for the system being acquired.

Summary Description: The system specification document contains

individual specifications for each major hardware item making up the
system. Each specification states the criteria which the item it refers

1
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COMPARISON OF DESIGN TECHNIQUES
}
!
i DESIGN TECHNIQUES
F
() 3 'J
> 4’ Iy S .S
: &/E/8/ 8/ E/8&/2/8/8
O
E/E/S [55/E/S 1S/
STANDARD TECHNIQUES (SECTION 7)
3 CONTRACTUAL DOCUMENTS x |x x | x x x
DESIGN CRITERIA CHECKLISTS x Ix x x
ENGINEERING DRAWINGS X x
MOCKUPS x x | x x| x x
l SCALE MODELS x x x x x | x
| MANIKINS x x x x
VISIBILITY DIAGRAMS X x x
REACH ENVELOPES x x x x
COMPUTER TECHNIQUES (SECTION ¥
C .0 x x x x
W
CAPE x x |x x x
CAR x x x x
CGE x x x x
COMBIMAN x x x x
cumITS x Ix x x| x x
HECAD x x x x
HOS x x x§x x
SCOMPUTER TECHNIQUE ACRONYMS ARE DEFINED IN SECTION 8,
TABLE 6.0-1 - RESOURCE COMPARISON OF DESIGN TECHNIQUES
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to must meet. Each individual item specification contains a human

engineering (HE) specification. The HE specification states the HE
criteria which the item must meet. The system specifications also have a
section for stating how the fact that the criteria have been met will ve
verified.

There are several documents describing how to prepare system
specifications and stating what the human engineering specifications must
be. These documents are briefly discussed below.

1) MIL~-STD-490, Specification Practices. MIL-STD-490 (reference il)
contains instructions for writing system specifications. The application
of MIL-STD-490 is discussed in detail in Reference 5.

MIL-H-46855, Human Engineering Requirements for Military Systems,

Equipment and Facilities. MIL-H-46855 is the military specification which

contains the human engineering requirements for military systems. It
requires the performance of HE analysis, HE design criteria development,
and HE test and evaluation. The specification is periodically updated as
the philosophy of the HFE community evolves.

3) MIL-STD-1472, Human Engineering Design Criteria for Military

Systems, Equipment and Facilities. MIL-STD-1472 is tne military standard

which contains the detailed human engineering design criteria which the
items in the system must meet. It describes criteria that should be
applied in order to achieve required operator performance. These criteria
are based on practical experience and laboratory research with design
features that minimize errors and speed performance. The standard
contains comment forms to be filled out by members of the HFE community
who use it and is periodically updated in response to these comments and
to incorporate new data which becomes available.

5. English,M., User's Guide for the Design Sections of MIL-H-46855
NADC-79220-60, Boeing Aerospace Company, Naval Air Development
Center, Warminster,Pa., 26 September 1980.

11. MIL-STD-490, Specification Practices, 30 October 1968.
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4) Other Contractual Human Engineering Criterija. Similar systems may

wtm canceatacamadhe i

exist or previous research may have been done which is relevant to this
system. It so, HFE criteria from these sources may be included in the
Request for Proposal and Statement of Work.
When Used: During Request for Proposal preparation, Navy HFE
persannel should write the HE specification portion of the system
| specifications.
; Advantages: Writing HFE design criteria into the system

specifications increases the probability that HFE will be performed
during system design. Research has shown that when material on operator

-

considerations is included in the procurement specification, design

engineers give these considerations more weight in their decisions than 4

they otherwise would (Reference 12). -
Limitations: Design specifications are not self-enforcing. Navy HFE

personnel must continue to monitor the system throughout its agevelopment

to assure compliance with specifications. .

7.1.1.2 Statement of Work.

Summary Description: The Statement of Work (SOW) is a aocument

describing in detail the work which will be performed by the contractor.
How Prepared/Used: The SOW is the contractual vehicle by which the

Navy specifies to contractors who are bidding on a system whether &ll of

MIL-H-46855 ana MIL-STD-1472 will be applied or whether selected parts

will be applied (tailoring). It also specifies what the selected parts

will be. Navy HFE personnel should become familiar with the tailoring i
guidelines in MIL-HDBK-248(AS) (Reference 13), should make the decision as

12. Meister, D., Human Factors: Theory and Practice. Wiley, New York,
197T. -
13. MIL-HDBK-248(AS), Tailoring Guide for Application of Specifications
and Standards in Naval Weapons Systems Acquisitions,
T April 1977,
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to whetner to tailor MIL-H-46855 and MIL-STD-1472, and if tailoring is to
be done should select the relevant parts of the documents. The subject of
tailoring is discussed in both the Advantages and the Limitations
paragraphs below.

When Used: The proposed SOW is prepared by the Navy as part of a
Request for Proposal (RFP). A contractor's proposal, wnich may include a
reworded SOW, is prepared in response to the RFP. When the contract is
awarded, the final SOW written by the Navy is a part of the contract.

Advantages: Using the SOW as a design tool is extremely important if
all of MIL-H-46855 and MIL-STD-1472 are included or if the two documents
are appropriately tailored. Specific references to MIL-H-46855 and
MIL-STD-1472 in the SOW accompanying the RFP encourages contractors to
include the cost of HFE in their proposals and increases the probapility
of HFE being performed during system design. A

Limitations: 1) The SOW 1ike the system specifications is not
self-enforcing. Navy HFE personnel must continue to monitor the system
throughout its development to ensure adherence to HFE design criteria.

2) The danger of the Navy tailoring MIL-H-46855 or MIL-STD-1472 in the
proposed SOW is the difficulty of doing appropriate tailoring.

MIL-H-46855 can be tailored by a knowledgeable person to reduce the cost
of a system, especially a less complex system, without compromising the
quality of human engineering of the system., For example, paragraphs
specifying the construction of HFE mockups or HFE simulators or the
conduct of HFE tests of human performance can be considereu for

tailoring. If the necessary HFE data can be collected in conjunction wich
hardware mockups, hardware simulators, or hardware testing, it may be
possible to tailor these requirements out of MIL-H-458%5.

While tailoring MIL-H-46855 may be practical, tailoring MIL-STD-1472
by the Navy in the proposed SOW is risky. If items are tailored out wnicn
should have been left in, a good deal of the value of requiring that HFE
be applied during system design is negated. In effect, some parts of the
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system will have HFE principles and criteria applied tu them and others

will not.

It is extremely important that any tailoring of MIL-H-46855 or
MIL-STD-1472 in tnhe SOW should be done by HFE personnel who are very
familiar with the contents of the two documents and who understand their
implications. Personnel doing the tailoring should keep in mind the fact
that during the design phase the system may develop in unanticipated ways,
such as controls or displays oeing added. MIL-STD-1472 is largely
self-tailoring in that provisions which do not apply cannot be performea
by the contractor. For example, a system which has no displays cannot
have the Disp]ays.section of MIL-STD-1472 applied to it. It is advisable
for the Navy not to tailor MIL-STD-1472 at all in the proposed SOW and to
leave any tailoring to the contractor.

The responsibility for the accuracy of any taiToring done in the
proposed SOW received by the contractor rests aimost entirely on the
shoulders of Navy HFE personnel. Even if contractor HFE personnel should
wish to revise inappropriate tailoring in the Navy's SOW, a contractor
ordinarily will not include the cost of additional human factors
engineering which the customer did not ask for in a bid because the bid
would not be competitive. On the other hand, if the entire MIL-STD-1472
is included in the proposed SOW, the contractor may suggest appropriate
tailoring of MIL-STD-1472 in a proposal.

7.1.2 Design Criteria Checklist. HFE evaluation checklists have oeen in

use for more than 25 years. The use of checklists is described in the
general literature as early as 1956 (Reference 14). A MIL-STD-1472

14, Van Cott, H. P. and Altman, J. W., Procedures for Including Human

Engineering Factors in the Development of Weapon Systems, WADC
Technical Report 56-488, AD-97305, American Instituce for
Research, Wright Air Development Center, October 1956.
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checklist was developed for the Minuteman Missile system by the Boeing

Company in 1966.
Summary Description: A design criteria checklist is a Tist of HFE

design criteria which must be met by the equipment and facilities in a
system. Most of the items on the checklist come from MIL-STD-1472, which
can be adapted to checklist form. Some checklist items may be taken from
other relevant HFE references.

Since MIL-STD-1472 currently contains over 200 pages, some method of
organizing the items was necessary. MIL-STD-1472 is divided into
categories such as visual displays, audio displays, controls, and
labelling. There are usually four columns to the rignt of cach item to
indicate compliance, noncompliance, or not applicable and to make
comments,

When Used: Checklist evaluation is performed on each item which has
an operator interface as soon as the item exists in a form which can be
evaluated, usually when the drawings of the item are completed.
Additional checklist evaluations are performed if the item is mocked up or
simulated. The checklist is eventually used to evaluate the first
production hardware.

Product and Purpose: The checklist is used to evaluate engineering

drawings, any mockups or simulators which are built, and the first
production hardware. The completed checklist provides documentation that
the HFE design criteria have or have not been met.

Advantages: Although the checklist takes knowledge, time, ana effort
to use, it is still quicker and easier to use than any other HFE design
technique and is the most often used technique for evaluating system
design. It is helpful in identifying basic HFE design deficiencies which
might otherwise be overlooked until later in system development or not
detected until system operation.

Limitations: 1) Currently, the process of getting approval for a
requested MIL-STD-1472 deviation is ill-defined and cumbersome. The
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contractor HFE specialist prepares the request put the approval routing
within both the contractor organization and the Navy organization is
ambiguous. A figure of $50,000 per requested deviation has been estimated
for processing the paperwork which may contribute to the perception of HFE
as a cost driver in system acquisition.

2) Certain criteria in MIL-STD-1472B are almost sure to require
deviation requests, for example, the fact that many government specified
parts are not built to MIL-STD-14728 criteria.

7.2 Design Techniques to Represent the Hardware/Software

The techniques described in this section represent the
hardware/software.

7.2.1 Drawings
Paragraph 3.2.2.2 of MIL-H-46855 requires that:

"Human Engineering principles and criteria applied
to the design of systems and equipment shall be
reflected by the detail design drawings for these
systems and equipment to assure that the final
product can be efficiently, reliably and safely
operated and maintained. The following drawings
are included: panel layout drawings, communication
system drawings, overall layout drawings, control
drawings and other drawings depicting equipment
important to system operation and maintenance by
human operators. Design shall comply with
applicable criteria of MIL-STD-1472 and other
human engineering criteria specified by the
contract."

Summary Description: Engineering drawings are precise outline

drawings which depict the design of an item, facility, or subassembly
wnich is a component or part of the taotal system. By showing related
drawing views, intricate and complirsted shapes are clearly depicted.
Exact sizes are provided without ambiguityv. Individual parts are
identified for assembly and are locate! i ihe assembly in their correct
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functional position. Descriptive notes provide information as to
materials, finishes, and directions for manufacture and assembly.

When Used: Orawings are evaluated by the HFE specialist as soon as
they are completed.

Product and Purpose: Drawing evaluation indicates whether the

hardware represented by the drawing complies with HFE design criteria. A
drawing evaluation using a MIL-STD~1472 checklist provides documentation
of whether HFE design criteria have or have not peen met.

Advantages: Evaluation of design concepts at the drawing stage makes
it possible to detect lack of compliance with HFE design criteria before
the hardware is built. It is the quickest and easiest design technique.

7.2.2 Mockups

Summary Description: Mockups are full scale models of items of

equipment or facilities. Mockups are constructed to evaluate the system
design before the manufacture of hardware and are either static or
dynamic. Static mockups do not work; dynamic mockups do work.

A static mockup is usually made of inexpensive material such as
cardboard with a foam core. The crewstation components are represented by
cutouts from drawings or photographs of the hardware or by actual
hardware.

A dynamic mockup has controls and displays that actually operate. The
degree of complexity of a dynamic mockup can vary from relative simplicity
to almost as complex as a Simulator,

When Used: Dynamic mockups are usually constructed late in the design
cvcle when the design has been developed to a considerable level of detail
but before hardware is built. Static mockups may be constructed as early
in the design cycle as sufficient information is available.

Product and Purpose: Both static and dynamic mockups are used to take

measurements of operator and maintainer reach capabilites, clearance
spaces, access openings, an~ vision capapilities and to compare the




measurements with HFE design criteria for verification. B8utn types of

mockups are also used to aid in visualizing three-dimensional provlems.

Botn types of mockups are used to study the pertormance of personnel
in simulated operational situations. In a static mockup, persons
representing operators simulate looking at displays by looking at the
drawings of displays glued to the console and simulate operating tne
controls by touching the drawings of controls. In a dynamic mockup,
operators actually perform operational procedures and the equipment
responds. The operators are observed and interviewed, and their responses
have greater validity when made in a dynamic mockup. More realistic
lighting and sound measurements can pe taken than in a static mockup.
Operational procedures can be verified.

Advantages: Mockups allow static or dynamic evaluation in three
dimensions of a number of human-machine interfaces before nardware is
built. Operators can be observed and interviewed., Lighting and sound
measurements can be taken. Operational procedures can oe verified.
Dynamic mockups provide greater realism to these evaluations than static
mockups.

Limitations: 1) Mockups can be expensive.

2) Mockups are frequently not constructed until late in the design
cycle.

7.2.3 Scale Models

Summary Description: A scale model is a representation of a

component, subsystem, or system which is built to less than full scale,
for example, to 1/10 scale.

When Used: Scale models can be constructed at any time in the cesign
development cycle that the necessary data is available. A scale model may
be constructed because a full scale model would be too cumbersome, too
expensive or too complicated. A scale model is more likely to be built
before hardware but might be built for demonstration purposes after the
hardware exists.
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Product and Purpose: Scale models allow viewing of a system in three

dimensions. They allow the HFE specialist to see the whole system at once
which might not be possible in full scale. They also allow evaluation of
some logistics problems.

Advantages: Scale models can be cheaper to build and more easily
transported and stored than mockups.

7.3 Techniques to Represent the Operator
The technique described in this section represents the operator,
7.3.1 Manikins

Summary Description: A manikin is a flat, transparent plastic

representation of a human., It represents the two-dimensional
anthropometric characteristics of a human such as neight and arm length as
seen from the side. The manikin has movable parts so that it can be
arranged in various positions.

When Used: Manikins are used in the drawing preparation process or
after drawings are completed but before hardware is built.

Product and Purpose: The manikins are used to prepare drawings ana tou

evaluate drawings. Problems such as controls which cannot be reached,
reach interference, and restrictions of personnel movement, entry, ana
exit can be identified.

Advantages: Manikins are very cost effective in avoiding or
identifying problems on drawings. Although a full set of sizes and shapes
of manikins will cost several nundred dollars, this expenditure pays off
by allowing more accurate design.

7.4 Design Techniques to Represent the Operator Interacting With the
Hardware

The techniques described in this section represent the operator
interacting with the hardware.




7.4.1 Visibility Diagrams

Summary Description: Visibility diagrams are drawings of the area an

operator can see externally when in a crewstation. This area is called
the operator's vision envelope and it is usually depicted oy preparing
several diagrams of the the operator in front of a console or other
instruments and controls. The diagrams show actual views from the
operator's eyes.

When Used: Visipility diagrams are prepared as sSoon as the necessary
design details are available put before hardware is ouilt.

Product and Purpose: Visibility diagrams are used to determine what

operators can and cannot see external to the crewstation. They are used
in cockpit design, for éxamp]e, to determine where window posts appear in
the pilot's view of the runway during landing approaches from various
angles.

Advantages: Visibility diagrams can avoid the cost of preliminary
mockups constructed specifically to evaluate operator vision.

7.4.2 Reach Envelopes

Summary Description: A reach envelope drawing shows the area an

operator can reach. Controls must be placed within the area designated by
the reach envelope for the operator to be able to use them. The operator
of interest is usually the smallest operator from the anticipated operator
population defined as an operator with 2nd percentile aimensions.

When Used: Reach envelopes are prepared as the necessary design
details are available but before hardware is built,

Product and Purpose: Reach envelope templates are prepared and used

to evaluate engineering drawings. A determination is made of whether the
smallest person in the anticipated operator population can reach the
controls or if it is necessary to move the controls.

Advantages: Reach envelope drawings may eliminate the need to

construct a mockup specifically to evaluate operator reach.




8.0 Design Techniques Using Computers

With the widespread use of computers, techniques have been deviseu 10
automate time-consuming HFE tasks. Technigues have also been developed to
do things which were previously not possible. In order to employ any of
the techniques using computers, it is necessary to have access to or
obtain tne computer hardware and accessory equipment required to implement
the technique. It is also necessary to obtain the computer software
(computer programs) and to have the software modified to some extent for
each individual computer facility.

The techniques using computers vary in a number of ways. Tney audress
a variety of questions using different theoretical approaches. Some are
harder to learn to use or to use than otkers. Some perform more complex
analyses than others. Some are more expensive to use than others. Some
are very difficult to transfer from one computer facility to another.

The paragraphs which follow briefly describe the techniques. The
subjects addressed by the techniques are summarized in Table 8.0-1.
References 16 and 17 contain detailed theoretical and technical analyses
of a number of the computer models. More information about the models can
be obtained from the source documents referenced in the descriptions of
the techniques in this section and from the personnel at the
implementation locations identifiea in this section.

8.1 Techniques Representing the Operator Interacting With the
Hardware/Software '

A1l of the techniques using computers are representations of the
operator interacting with the hardware/software.

16. Greening, C. P., Analysis of Crew/Cockpit Models for Advanced
Aircraft, ADAD54957, Autonetics Div., Rockwell International,
Naval Weapons Center, China Lake, Ca., February 1978.

17. Pew, R. W., Feehrer, C. E., and Baron, S., Critical Review and
Analysis of Performance Models Applicabple to Man-Machine System
Evaluation, AD-A038-597, Bolt, Beranek and Newman, Inc., Air
Force Office of Scientific Research, March 1977.
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8.1.1 CAFES (Computer Aideu Function Allocation and Evaluation System)

Summary Description: CAFES is the name given to a collection of

computer programs for HFE analysis and HFE design. CAFES was developed
for the Naval Air Development Center by Tne Boeing Company (Reference 18)
and consists of four modules. Two of these modules are described in the
analyst's guide (Reference Z). One is descripea later in this section and
one is briefly discussed below.

Tne CAFES modules in tne analyst's guide are FAM (Function Allocation
Mcdel) for evaluating the effect on a system of allocating the functions
in various different ways-to rrews and to hardware ana WAM (Workload
Assessment Module) for evaluating crew workload.

The CAFES module described later in this section is CAD {Computer
Aided Design) for evaluating crewstation designs.

The fourth CAFES module is the CAFES/CGE Interface which allows use of
CAFES command language for data input to CGE (Cockpit Geometry
Evaluation). CGE is described later in this section.

For all of the CAFES modules, the same type of communication is used
to begin and end processing, to call up a particular module, and to obtain
output. These common features make it easier for the HFE specialist to
use the various modules.

The information obtained from the outputs of one CAFES module can oe
used in preparing the inputs for another module. For example, if the
uridertying cause of a high workload condition identified by a WAM

2. Geer, C. W., Analyst's Guide for the Analysis Sections of MIL-H-46855
D180-19476-1, Boeing Aerospace Company, Naval Air
Development Center, Warminster, Pa., 30 June 1976.

18. Edwards, R. E., Renshaw, K. S., Healy, M. J., and Atkins, R. A.,
Computer Aided Function Allocation Evaluation System

{CAFES), ADA033856, Boeing Aerospace Company, 1976.
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simulation is attributed to the level of automation of a system or to the
system's operational procedures, this information can be used to alter the S
number and type of controls and displays or to modify control and display
arrangements on one or more panels. If the workload analysis reveals iow , :
workload levels for extended periods of time, this information can be used
to eliminate one or more crewstation positions in the FAM model. Errors

in crewstation design such as the omission of a required control or
i display may be detected when preparing WAM input data. These same design 3
errors may also be reflected by higher workloads in WAM.

8.1.2 CAD (Computer-Aided Design)

Summary Description: CAD uses a computer to simulate an operator

reaching for controls, Tooking out the windshield, and escaping from a
crewstation of a specific design. '

CAD computes: the distance between the operator's snoulder or other
reference point and the controls to be used, the operator's line of sight
out the windshield, and the operator's escape path. CAD prints out
graphic views of the crewstation in addition to the numerical data.

From a CAD simulation, the HFE specialist can determine whether an
operator of a specific size can reach all the controls, see out the
windshield, and escape from the aircraft. The specialist can also
identify obstacles obstructing vision or escape.

CAD does not address specific task performance, performance times,
warkload, system performance, internal vision, reach obstruction, control
relocation, percentage of operator population accommodated or excluded by
crewstation dimensions, or crewstation dimensional compliance with
specific military standards. CAD does not have a graphic display or
interactive design layout capability.

When Used: CAD is used as soon as a preliminary design is developea
to the considerable level of detail to provide the required data or after

a final design is completed but before hardware is built.

38

LR e T T S e e T R




- v st = s i = e - o

e e it oo

Advantages: 1) CAD produces good graphic illustrations.

2) CAD performs useful analyses which are too complex to perform by
hand.

Limitations: 1) CAD is expensive to use.

2) CAD 1s difficult for the HFE specialist to learn to use and
time-consuming to use.

3) CAD has not yet been transferred from one computer facility to
another.

History and Source: CAD was developed for the Naval Air Development

Center by The Boeing Company (Reference 19). The current version was
completed in 1974. CAD is implemented at NADC, Warminister, Pa.

8.1.3 CAPE (Computer Accommodated Percentage Evaluation)

Summary Description: CAPE uses a computer to éimu]ate a series of

operators with different combinations of arm length, leg length, and other
énthropometric characteristics representative of an actual population of
proposed operators. It also simulates a proposed crewstation design.

CAPE compares the measurements and other characteristics of these
operators with the dimensions of the crewstation and the location of the
controls and records the discrepancies.

From a CAPE simulation, the HFE specialist can determine the actual
percentage of a proposed operator population who can fit into, operate,
and escape from a proposed crewstation design. The specialist can also
determine how many operators are excluded from the crewstation design oy
any specified anthropometric dimension or by any specified crewstation
dimension.

19. Edwards, R. E., Curnow, R. P., and Ostrand, R. A., Computer Aided
Design (CAD) User's Manual, D180-20247-5, Boeing Aerospace
Company, Naval Air Development Center, March 1978.
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CAPE does not address specific task performance, performance times,
workload, system performance, vision, reach interference, control
relocation, or crewstation dimensional compliance with specific military
standards. It does not have a graphic display or interactive design
layout capability and does not produce graphic illustrations.

When Used: CAPE is used as soon as a preliminary design is developed
to the level of detail to provide the required data or after the final
design is completed but before haraware is built.

Advantages: 1) CAPE is one of the few techniques which computes the
percentage of a proposed operator population which will be accommodated by
or exciuded from a proposed crewstation design.

2) CAPE is one of thne less expensive techniques using computers.

Limitations: 1) CAPE is somewhat difficult to. use.

2) CAPE is not easilty transportapnle from one computer facility to
another,

History and Source: CAPE was developed by the Pacific Missile Test

Center (Reference 20). The current version was completed in 1975. CAPE
is implemented at PMTC, Point Mugu, Ca.

8.1.4 CAR (Computerized Assessment of Reach)

Summary Description: CAR uses a computer to simulate a series of

crewmembers sitting in the seat of a crewstation of a specific design,
adjusting the seat at the design eye point, and reaching for the controils
with hands and feet. The simulated crewmembers have varying combinations
of arm length, leg length, and other anthropometric characteristics
representative of 1964 Navy pilots or anv other group for which an
anthropometric data hase is available.

20. Bittner, A. C., Computerized Accommodated Percentage tvaluation (CAPE)
Model for Cockpit Analysis and Other Exclusion Studies,
TP-75-49/TIP-03, Pacific Missile Test Center, Point Mugu, Ca.,
December 1975
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LCAR computes the percentage of crewmembers who can position themselves

at the design eye point, reach the controls, and have adequate head .}
clearance. CAR also computes the amount of relocation, if any, required
for controls so that a specified percentage of crewmempers can reach them.

From a CAR simulation, the HFE specialist can determine now many
crewmembers can fit in the crewstation and operate the system. The HFE
specialist can also determine the amount of control relocation required.

CAR does not address task or system performance, workload, vision or
reach obstruction, escape, or crewstation dimensional compliance with
specific military standards. CAR does not have a graphic display or
interactive design layout capapility and does not print yraphic
illustrations.

When Used: CAR is used as soon as a preliminary design is completed
to the level of detail to provide the required data or after the final
design is completed but before hardware is built.

Advantages: 1) CAR is one of the few techniques which computes the
percentage of proposed crewmembers who will be accommodated by or excluded
from a proposed crewstatior design.

2) CAR is one of the less expensive techniques using computers.

3) CAR is quick and easy for the HFE specialist to use.

4) CAR has been transferred from one computer facility to another a
number of times. !

History and Source: CAR was developed for the Navai Air Development

Center by The Boeing Company (Reference 21). The current version was
completed in 1976, CAR is implemented at NADC, Warminister, PA.
Additional development for NADC by Analytics is in process and will be
completed in 1930.

21. Edwards, R. E. et al, Crewstation Assessment of Reach (CAR) User's
Manual, D180-19321-1, Boeing Aerospace Company, Naval Air
Development Center, April 1975.
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8.1.5 CGE (Crewstation Geometry Evaluation)

Summary Description: CGE uses a computer to simulate an operator

looking at displays and reaching for controls in a specific crewstation
design. CGE also compares the dimensions and other characteristics of the
crewstation with the reguirements of specifiec military stanoards.

CGE detects visual and reach interfereince, determines whether the
fully restrained operator can reach the controls, and detects
noncompliance of crewstation dimensions with military standards for
two-place fixed-wing aircraft.

From a CGE simulation, the HFE specialist can determine whether tne
operator can see the displays and reach the controls and whether the
design complies with military specifications and standards. The HFE
specialist can also determine what specific items obstruct the line of
sight, what specific items interfere with operator movement and now much,
and which items do not comply with military standards.

CGE does not address performance of specific tasks, performance times,
workload, system performance, external vision, control relocation, escape,
or percentage of the operator population which will be accommodated oy or
excluded from a proposed crewstation design. C(GE does not have a graphic
display or interactive design layout capability.

There is a CAFES/CGE interface module which simplifies the input data
process by allowing the CAFES command language to be used {Reference 19).

Wnen Used: CGE is used as soon as a design is developed to the
considerable Tevel of detail required or after the design is completed but
before hardware is built.

19. Edwards, R. E., Curnow, R. P., and Ostrand, R. A., Computer Aided
Design (CAD) User's Manual, D180-20247-5, Boeing Aerospace
Company, Naval Air Development Center, March 1978.
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Advantages: 1) CGE provides good graphic illustrations.

2) CGE performs useful analyses that cannot be uone by hand.

3) CGE is the only technique using computers which checks for cockpit
geometry compliance with specfic military standards.

Limitations: 1) CGE is expensive.

2) CGE is difficult to learn to use and time-consuming tor the HFE
specialist to use. The very detailed cockpit geometry data required can
take two weeks to enter.

3) CGE has not yet been transferred from one computer facility to
another,

History and Source: CGE was developed for the Joint Army Navy

Aircraft Instrumentation Research Program (JANAIR) by The Boeing Company
(Reference 22). The current version was completed. in 1972. A CAFES/CGE
interface was developed for the Naval Air Development Center by The Boeing
Company in 1976 (Reference 19). CGE is implemented at NADC, Warminster,
Pa.

8.1.6 COMBIMAN (Computerized Biomechanical Man-Model)

Summary Description: COMBIMAN uses a computer to graphically

reproduce an operator of a specified size on a graphic display screen. It
then reproduces controls and displays around the operator as they are laid
out with a light pen on the display screen.

When the design is completed, COMBIMAN simultaneously projects two
views of the design onto the screen to create a iLiree-cimensional effect,

19. Edwards, R. E., Curnow, R. P., and Ostrand, R. A., Computer Aided

Design (CAD) User's Manual, D180-20247-5, Boeing Aerospace
Company, Naval Air Development Center, March 1978.

22. Katz, R., Cockpit Geometiry Evaluation, Phase II Final Report, Vol.
I1I: Computer Program System, D162-101/7-3, The Boeing Company,
JANAIR Report 720402, November 1971.
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rotates these views to pbe looked at from any angle, and magnifies selected
features. It also simulates and reproduces on the screen a series of
operators with dimensions representative of the intended user population.

-~

Using a COMBIMAN simulation, the HFE specialist can design a
crewstation directly on the graphic display and then evaluate the design.

| The specialist can identify probliems of external vision, reach, and
accommodation of the proposed crewmember population. The specialist can
also determine the dimensions crewmembers must have to fit into an

-

existing design.

(OMBIMAN does not address specific task performance, performance
times, workload, system performance, internal vision, escape., or
crewstation compliance with specific military stanaards.

When Used: COMBIMAN is used during the design process or after a
design is completed but before hardware is built.

Advantages: 1) COMBIMAN is the only technigue that allows the the HFE
specialist to design a crewstation directly on the CRT screen, evaluate
the design in three dimensions and from any angle, and determine whether
¢rewmembers from the proposed population can fit into the design.

2) COMBIMAN is easy for the HFE specialist to use.

Limitations: 1) COMBIMAN is expensive,

2) COMBIMAN requires an IBM 2250 computer terminal which has special
function keys and an IBM graphics software package. COMBIMAN has not yet
: been transferred from one facility to another.

History and Source: COMBIMAN was developed by the Aerospace Medical

Research Laboratory (Reference 23). The current version was completed in
1978. COMBIMAN is implemented at AMRL, Wright-Patterson Air Force Base,
Ohio.

23. Bvans, S. M., Updated User's Guide for the COMBIMAN, AMRL-TR-78-31, 1

Aerospace Medical Research Laboratory, Wright Patterson Air
Force Base, Onio, 1978.

44




8.1.7 CUBITS (Criticality/Utilization/Bits of Information)

Summary Description: CUBITS is a set of computations for determining

the amount of space which should be allocated to a control or display.
The computations can be done by hand or they can be computerized.

CUBITS computes the size of tne control or display based on how
important it is (criticality), now often it is used (utilization), and how
much information an operator gets from the display or transfers to the
control (bits of information).

i ] From a set of CUBITS computations or a CUBITS simulation, the HFE
specialist can determine how big to make a control or display.

CUBITS does not address task or system performance, workload, vision,
reach, escape, percentage of operator population accommodated or excluded
by crewstation dimensions or crewstation compliance with specific military
standards. The computerized version of CUBITS adoes not nhave a graphic

display or interactive design layout capability and does not print graphic
illustrations.

When Used: CUBITS is used during the early design process as soon as
the necessary data is available.

Advantages: CUBITS provides a systematic and logically derived method
for allocating control and display space. Different HFE specialists
should come up with approximately the same answers using this technique.

; History and Source: CUBITS was developed for the Naval Air
Development Center by Dynamation, inc. (Reference 24). The current
version was completed in 1979. Additional deve]bpmental work is being
done. The computerized CUBITS is implemented at NADC, Warminister, Pa.

3 24. Wherry, R. J., et al, Design Procedure for an Information Transfer
Method {CUBITS) of Allocating Panel Area for Aircrew Station
Controls and Displays, Dynamation, Inc., Naval Air Development
Center, 30 May 19/9.
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8.1.8 HECAD (Human Engineering Computer-Aided Design)

Summary Description: HECAD uses a computer to reproduce on a graphic

display the outlines of control and display panels and the components of

these panels as the HFE specialist lays them out with a light pen on the
graphic display screen. 1

‘ HECAD computes the distance from an operator's shoulder reference v
‘ point to each control, simulates operator eye scans and hand movements
during task performance, computes probability of successful operator
performance, and prints a graphic illustration of the operator's fingertip
paths during task performance.

Using a HECAD simulation, the HFE specialist can design a crewstation
directly on the graphic display screen and can determine whether an
operator can reach the controls, whether operator hand motions are
efficient during task performance, and the likelihood of successful
operator performance.

HECAD does not address system performance, workload, vision, reach
interference or control relocation, escape, percentage of operator
populatigqn accommodated or excluded by crewstation dimensions, or
crewstation compliance with specific military stanuards.

When Used: HECAD is used during the design process, as soon as a
preliminary design is developed to the extent that the required data is
available, or after a final design is completed but before hardware 1s
built. '

Advantages: 1) HECAD is one of the few techniques which provide !

interactive design Tayout capability. .
2) HECAD is quick and easy for the HFE specialist to understand and
use.

-

Limitations: HECAD requires an IBM 2250 computer terminal which nas
special function keys and an IBM graphics software package. HECAD has not

yet been transferred from one facility to another.
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History and Source: HECAD was developed by Aerospace Medical Research

Laboratorv (Reference 25). The current version was completed in 1978.
HECAD is implemented at AMRL, Wright-Patterson Air Force Base, Onio.

8.1.9 HOS (Human Operator Simulator)

Summary Description: HOS uses a computer to simulate an operater

performing tasks in a system and the system responging to the operator's
actions and to outside events.

HOS computes the time required to perform the tasks ana how tne System

responds.

From the results of a HOS simu]ation, the HFE specialist can determine
whether it is possible for the operator to perform ali of the tasks in the
avaiiable time. The specialist can also deterinine the effect on system
performance if the operator cannot perform ali the'tasks.

In a HOS simulation the following subjects are not addressed: vision,

%each, escape, percentage of operator population accommodated or excluded
by crewstation dimensions, or crewstation compliance with specific
military standards. HOS does not have a graphic display or interactive
design layout capability and does not print out graphic illustrations.

Wnen Used: HOS is used as soon as a preliminary aesign is developed
to the extent that the required data is available, after the final design
is completed but before hardware is built, or at other times in the system
development cycle.

Advantages: 1) Data on human and system performance in hypothetical
tactical situations can be obtained.

2) Different system configurations and operator strategies can pe
tested.

3) Complex system design problems can be examined.

25. Topmiller, D. A. anda Aume, N. M., Computer-Grapnhic Design for Human
Performance, Proceedings 1978 Annual Reliability and Maintainability
Symposium, pp. 383-383, 78 RM 066, 1978.
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Limitations: 1) HOS is expensive.

2) HOS requires considerable analytical skills from the HFE
specialist and is time-consuming to use.

3) HOS has not yet been transferred from one computer facility to
A another.

History and Source: HOS was developed for the Naval Air Development

Center by Analytics (Reference 26). The latest version was completed in
| 1975. HOS is implemented at NADC, Warminster, Pa.

26. Strieb, M. I., Glenn, F. A., and Wherry, R. J., The Human Operator
Simulator, Volume IX - HOS STUDY GUIDE, Analytics, Naval Air
Development Center, 1978. :
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APPENDIX B
MIL-H-46855A
3.2.2 Human Engineering in Equipmnent Detail Design. - During detail aesign

of equipment, the human engineering inputs, made in complying with tne
analysis requirements of paragraph 3.2.1 herein, as well as other
appropriate human engineering inputs, shall be converted into agetail
equipment design features. Design of the equipment shall meet the
applicable criteria of MIT1-STD-1472 and other human engineering criteria
specified by the contract. Human engineering provisions in the equipment
shall be evaluated for adequacy during design reviews. Personnel assigned
human engineering responsibilities by the contractor shall participate in
design reviews and engineering change proposal reviews of equipment end
items to be operated or maintained by humans. Human engineering
requirements during equipment detail design are specified in paragraphs
3.2.2.1, 3.2.2.2, 3.2.2.3 and 3.2.2.4 herein.

3.2.2.1 Studies, Experiments and Laboratory Tests. - The contractor shall

conduct experiments, laboratory tests (including dynamic simulation per
paragraph 3.,2.2.1.2), and studies required to resolve human engineering
and life support problems specific to the system. Human engineering and
life support problem areas shall be brought to the attention of the
procuring activity, and shall include the estimated effect on the system
if the problem is not studied and resolved. These experiments, laboratory
tests, and studies shall be accomplished in a timely manner, i.e., such
that the results may be incorporated in equipment design. The performance
of any major study effort shall require approval by the procuring
activity.

3.2.2.1.1 Mockups and Models. - At the earliest practical point in ihe

development program and well pefore fabrication of system prototypes,
full-scale three-dimensional mockups of equipment involving critical human
performance (such as an aircrew compartment, maintenance work shelter, or
a comnand control console) shall be constructed. The proposed Human
Engineering Program Plan shall specify mockups requiring procuring

activity approval and modification to reflect changes. The workmanship
B-1




shall be no more elaborate than is essential to determine the auequacy of
size, shape, arrangement, and panel content of the equipment for use by

humans. The most inexpensive materials practical shall be used for
fabrication. These mockups and models shall provide a basis for resolving
access, workspace and related human engineering problems, and
incorporating these solutions into system design. In those design areas -
where equipment involves critical human performance and where human -
performance measurements are necessary, functional mockups shall be -
provided, subject to prior approval by the procuring activity. The
mockups shall be available for inspection as determined by the procuring
activity. Upon approval by the procuring activity, scalea models may be
substituted for mockups. Oisposition of mockups and models, after they
have served the purposes of the contract, shall be as directed by the
procuring activity.

3.2.2.1.2 Dynamic Simulation. - Dynamic simulation techniques shall be

dti]ized as a human engineering design tool when necessary for the detail
design of equipment requiring critical human performance. Carisideration
shall be given to use of various models for the human operator, as well as
human-in-the-loop simulation. While the simulation equipment is intended
for use as a design tool, its potential relationship to, or use as,
training equipment shall be considered in any plan for dynamic simulation.

3.2.2.2 Equipment Detail Design Drawings. - Human engineering principles

and criteria shall pe applied to equipment drawings during detail design
to assure that the equipment can be efficiently, reliably and safely
operated and maintained. The following drawings are included: panel
layout drawings, communication system drawings, overall layout drawings,
control drawings and other drawings depicting equipment important to

system operation and maintenance by human operators. The approval of
these drawings by the contractor shall signify that human engineering
requirements are incorporated thereon and that the design complies with -
applicable criteria of MIL-STD-1472 and other human engineering criteria ne
specified by the contract.
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3.2.2.3 Work Environment, Crew Stations and Facilities Design. - Human

engineering principles and criteria shall be applied to detail design of
work environments, crew stations and facilities to be used by humans in
the system. The approval of drawings, specifications and other
documentation of work environment, crew stations and facilities by the
contractor shall signify that human engineering requirements are
incorporated thereon and that the design complies with applicable criteria
of MIL-STD-1472 and other human engineering criteria specified by the
contract. Design of work environment, crew stations and facilities which
affect human performance, under normal, unusual and emergency conditions,
shall consider at least the following where applicable:

a. Atmospheric conditions, such as composition, volume, pressure and
control far decompression, temperature, humidity and air flow.

b. Weather and climate aspects, such as hail, snow, mud, arctic,
desert and tropical conditions.

c. Range of accelerative forces, positive and negative, including
linear, angular and radial.

d. Acoustic noise (steady state and impulse), vibration, and impact
forces.

e. Provision for human performance during weightlessmess.

f. Provision for minimizing disorientation

g. Adequate space for man, his movement, and his equipment.

h. Adeguate physical, visual, and auditory links between men and men,
and men and their equipment, including eye position in relation to display
surfaces, control and external visual areas.

i. Safe and efficient walkways, stairways, platforms and inclines.

j. Provisions for minimizing psychophysiological stresses.

k. Provisions to minimize physical or emotional fatigue, or fatigue
due to work-rest cycles.

1. Effects of clothing and personal equipment, such as full and
partial pressure suits, fuel handler suits, body armor, polar clotning,
and temperature regulated clothing.
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m. Equipment handling provisions, including remote nandling provisions
and tools when material and environment require them.

n. Protection from chemical, biological, toxicological, radiological,
electrical and electromagnetic hazards.

0. Optimum illumination commensurate with anticipated visual tasks.

p. Sustenance and storage restraints (shoulder, lap and leg restraint
systems, inertia reels and similar items) in relation to mission phase anc
control and display utilization.




APPENDIX C - DATA ITEM DESCRIPTIONS

CDENTAIFICATICe, e F

DATA ITEM DESCRIPTICH

Ay ¥ LS

1. ITE
Huran Enginsering Dynamic Simulation Plan (), ) DI-H-7052
3. DLSCRIP ?1CN. PURF 35€ 4. AP AL LATE

: ' I5:) 5 E—
This ulan descrites the contractor's intended use of “‘*7%59%9157f£L :
dynamic simulation technicues in suppurt of human engineer-1~ 35" .1
‘ing analysis, design support and test 2nd evaluation. APMY /T PAHCOM

8. DUC REQUIALD

8. APPEYAL LIMITATION

7. AFFLICATION/ IMTERTIL ATIONSHIP

This DID is related to D!-M- 7059, Human Engineering Prog-
ress Report.

This DID replaces UDI-H-21388. C ReEENINGyS tANOR LAY A3 CHTEO N

This DID is primarily applicable to work tasks cdelineaated
in paragrapn(s) 3.2.2.1.2 of MIL-}i-4568335. MIL-H-465558

SL N MBER(S)

19. POSFRRATION INSTRUCTIONS

10.1 Content Resuiremerts. The plan shall consist of the following infermation:

1) Ratiorale and Genaral Cescripticr. The need for a dynamic simluation
program shall he descritad, The overail simulation concent srall bz descrited.
€enefits to be derivad from dynamic simulation shall ka2 stated. Th2 inta2rrelation-
ships hetween dyramic simulaticn end other PumTan engineering analysis, desiyn sufport
and test and evaluation tecnhniques sneii be described.

2) Techniques. Cach dynamic simuletion technique anc nrocecure prencsed by
the contractor shali ba fully descrited. Rationala for the selectiai cf tecnniltes
shall be given., Tha specific contritutinng of each “ectnique to human engincering
anslysis, design support and test and avalution snall ue stated. Previous efforts
conductad by the contractor or cthers to vialidate each propcsed tecinigue shall te
described, including a discussion of results.

3) Activities. Tha intended use of each dyramic simulation technique skall
be described with regard to each of the following:

a) human performance and worikload analysis, test and damonstration.

b) system design developrent, test and demonstration.

Fu
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DI-H-7052
10. PREPARATION INSTRUCTIONS (continued)

¢) system effectiveness studies, tactics development and
verification

d) deveicpment and verification of operator skill, know-
ledge and other *training da‘a.

e) operator procedures development and verification, inciuding
degraded mode and emargency procedures.

f) training equipment design and verification studies
g) development. and verification of technical publications

4) Organization and Persosnnel. The plan shall identify and
describe the contractor orcanizational elements responsible for executing
the Human Engineering Oynamic Sirmulation Plan. Structural definition
shall include the number of proposed personnel, level of effort (in man-
months) and the functions of key percsonnel. The relationships between
responsible organizational elements shall be descrited. The authority
delegated to each element shall te stated in explaining the relationship.

5)  Schedule. A detailed schedule shall te prepared. Compati-
bility between the sinulation schedule and the release of procram analyses,
design and test orccducts for each area of utilization described in
paragraph 3) above shall te described. Facility ard special requirements
(per paragraph (7) below) shall be indicated on the schedule.

6) Data. Data acquisition procedures and technigues, types of
qualitative and quantitative cata to be obtained and data analysis
sechniques shall te fully described. The plan shall state that simulction
results shall te descrited in Human Engineering Progress Reports
(DI-H-7059) .

7) Facilities and Special Requirements., Dynamic simulation
facilities shall be describted. Any requirements to utilize government
facilities, models, data or other goverrment property shall he identified.
If the contractor requires participation by covernment personnel (e.g.,
as subjects in sirulation studias), approprizte information shall be
provided - such as number and qualifications of personnel, desired level
of participation and schedule of participation.

8) Scenarios and Mission Descriptions. The scenarios and
missfons to be simulated shall be descrihed. Infcrmation on mission
objectives, geography, threats, weather conditions, or any other data
relevant to system simulation shall be presented.

10.2 Forrat Requirements. The Human Engineering Dynamic Simulation
Plan shall Fe prepared in contractor format.

.U-‘- GOVERNMENT PAINTING SPPICE: 1070-003022/9030
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DATA ITEM DESCRIPTION

ICENTHIFLOATION %) Sy,

ALINTY NASF R

1. Timte

Hunan Engineering Jesign Approach Docurent-Maintainer

00D DI-H-7057

3, TESCRIPTILA FURPOSE

This document provides a source of data to evaluate the
exgent to which equipment having an interface with main-
tainers reets huran perfgrmance reaquirements and human
engineering design criteria.

. APPROYAL CATE

1 upe 1979

. CFFICE CF PRIMARY

AESPONSIZIL I TY
ARMY /MIRADCOM

6. DCC RIJUIRED

8. APPIOVAL LIMITATION

v, APPLICATIZN/ INTEISELATIONSAIP
This DID repleces Di-K-2108 and UDI-H-21385.

This DID is primarily a,plxcable to work tasks delireated

HIL-H-465558, . BLCCK 101
MIL-H-458558B
MIL-STD-1472

in paragraphfs) 3.2.1.2, 3.2. 1 3, 3.2.1.4, and 3.2.2 of 9. PEFESENCES !MANDATOSY AS CiTET 1%

MCSL “UMBER(S)

410. FREPAIATION iNSTRUCTIONS

10.1 Gereral. The Huran Engireering Design Acoroach Cocument - Maintainer (HEDAD-

M} shall te prepared which describes the characteristics, layout, and installation of
all_equipment having a maintainer interface (excluding cepot level maintenance ac-
tions); it snall alss cescribe maintainer tasxs associated with the ecuicment. The
HEDAD-M shall describe the extent td which the requirements of MIL-STD-1472 and other
applicable huran engineering cocurents speciried in the contract have been incorocrated
into the desiqn, layout, and 1ratal1a*1or of equioment having a maintainer interface.
Maintainer task aralvs1s results shal} be cresented as part of the rationale surrortirg
the layout, desigr and installation of tne equipment. The requirement for this infor-
rmation is predicated on the assurption that, as analytic and study information, it is
deveioned sufficiently eariy to influence the formulation of other system data such as
maintenance ailocaticn charts, special repair parts/tcol lists, LSAR data. If the
program has progressed to the paint where the required dat2 is available through other
reporting media. such as those noted atove, they shall rot be duplicated but snall be
referenced or apoended to the KIDAD-M along with appropriate supplementary information
fulfilling th2 intent of this provision,

10.2 Cortent Requirerents. The HEDAD-M shall consist of the following information:

1) List of each item of equipment having a maintainer interface at the Or-
ganizaticnal and Field/Intermediete Maintenance Activity (IMA) level, a brief statement

00 1 J.,N 1Y) 1c64
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DI-H-7057

10. PRIPARATION INSTRUCTIONS (continued)

of the purrose of each item of equipment and the types of maintenance
required on each item of equipment (e.g., troubleshoot, remeve, inspect,
test, repair).

2) List of specifications and drawings approved by human er-
gineering at the time of HEDAD-M preparation. The list shall also
address documents where human engireering acproval is planned.

3) Descripticn of system equipment, emphasizing human engineer-
ing desicn featurcs. The following aspects of equipment shall be
described:

}

a) Layout of Svstam Fguiorent, (1)} The location and lay-
out of all <ystam equiorent requiring mainzenanc2 shall be descrited
with emcrasis on huran engireering features which facilitate main-
tenance. Efquipment Jocated in arzas assessed through common doors,
panels, coerings. etc., shall te indicated. (2) The lccation of
each item of equipment shall &lsc ze neted in terms of three-dimen-
sional space {i.e., X, Y, eénd 7 coordinates); the reference point
for eact item of equinment shall be its center as viewed by the
maintairer wnile gaining access ta the equipment.

b) Design of Eauirrent. The design of each item of
equipment shail be cescribad wWign emphasis on human eargineering
features which facilitate maintenance such as handles, self-test
capability, labeling, connecter spacing and keying.

¢) Installatinn of Fauinvent. The installation of each
jtem of equiprent shall be descrited with emghasis on human en-
gineering featuras which Tacilitate maintenance such as fasteners,
clearances, ralationship betieen acczssibility and failure rate
(or scheduied maintenance freguency) of each item of equipment and
visual access affordad.

4) Rationale. The specific considerations of aquicment main-
tenance raquirerznts (e.q., freguency, critizality, asuipment failure
rate), maintainer requirements (e.q9., personnel selecticn, training and
skills), maintainer task requiremen*s, environmental considerations.
safety ard liritations imposed by the prosuring activity or state-of-the-
art snall te deccribed. Thre bases for reaching specific design, lavout
and installation decisions shall be presentad (e.g., MIL-STD-1472
criteria, other human enginecerinz requirements specified in the contract,
human engineerinn studies, trade-off analyses, rock-up results and human
engineering test results).

5) List of special tools, support ecuipment, job aids/devices
required for maintenance of each item of equipment.

6) Maintainer task aralysic results presented as part
of the rationa2le supporting laycut, cesign, and installation of jtem of
equipment. Maintainer task analyses shall consist of the following:

Page 2 of 3 Pages C-4




— wees wmn D

DI-H-7057
10. PREPARATION INSTRUCTIONS (continued)

task nurber, task title, task frequency (for schedulad maintenance
actions) or estimated task frequency !based on equipment rean-time-
between-tailure for unscheduled maintenance acticns), data source used
(e.g., drawing num>er, sketch number, davelopment hardware, actual
prcgucticn eguiprent), datailed task seaquance (see paragraph 6.2.5 of
MIL-H-408558), supocrt equiprent required, *aols required, job aids
required, astimatecd task time, estimated personnel raguiremants (e.J.,
number of parsoanel reauired, skills and «ncwiedce reauired) and human
enginearing consigeraticns which reflect specific huran engireering
requiresents incorporated into the decicn {e.g., maintainer fatigue,
potentiai hazarcs, safety or protective clothirg/aguicmrant required or
recommended, access problems, maintainar commuricatig requirerents,
special task sequence requiremants, lahaling). As applicable, the
follewing tynes of raintain2r tasks shal?! be addressed bv task enalyses:
remove/rzpiace, trcuble-sheot (Fault lccatior), repair, adjust, inspect,
service and test. Critical tasks (see paragrapn 6.2.1 of MIL-H-458533)
shall be clearly identified.

7) Narrative which providas rationale for any need tc deviate
from, or take exception to, MIL-STD-1472 or other ccntractual item huran
engineering requircments.

8) Twc sketches, drawings or photograph of each of eauipment
having a maint2iner interface. tach item of equipmant shall be depictad,
a) by itseif from top, front and side (three-visw trimetric or explozed
trimetric view) and b) installed ac the miintainer would normally view
it during maintenanca.

9) Sketches, drawings or photograph of each item of equipment
befng considered as alternatives to tha selectad, or taseline desicn.
Sketches, drawings or pirotograche of alternative aquinment installaticns
or layouts which exist at the time of HcDAD-M preparaticn.

10) Description of design, installetion or layout changes which
have been made since the last HEDAD-M sutmission.

10.3 Format and Data Orcarization Feouirements. Tha HEDAD-M be
prepared n cor.tractcr format except tnat intormation shall be presented
in two major parts:

1) Information pertaining to maintenince actions performed at
the Organizatioral Level.

2) Information pertaining to maintenance actions performed at
the Field/IMA Tevel.

AUS GOVERNMENT PRINTING OFFICE:  1979.403-023/9044
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DATA ITEM DESCRIPTION

& .Y MIN ZEY)

1. TIME
Human Engineering Design Approach Document-(perator DOC NI-H-7056

3. DESCRIPTION/PUPPOLE 4. APFKL.L CATE

- Yo
This document provides a source of data to evaluate the 1 e 1979
extent to which equipment having an interface with opera- [5- CFfact = avam
tor§ meets human performance requirements and human ARMY /M1 )60M
engineering criteria.
6. ODC REQQr-

8. APPROVAL LIMITATION

7. APPLICATION/ INTERRDL_ATICNSHIP
This DID replaces SI-H-2107, DI-H-3261A, DI-K-4505,
UDI-H-21272 and UDi-H-21285.

This DID is primarily applicable to work tasks delineated |o- PECLANCES (MANDATORY S CITE5 I
in paragraph(s) 3.2.1.2, 3.2.1.3, 3.2.1.4, and 3.2.2 of o

MIL-H-468555. MIL-H-468558

MIL-STD-1472

MCSL NUMBER(S!

10. PREPARATION INSTRUCTIONS

10.1 General. The Human Engineering Design Approach Document - Gperator {HEDAD-0)
shall be prerared which describes the lavout, detail design and arrangerent of crew
station equirment having an cperator intarface; it shall also describe sperator tasks
associated with t-e equinment. The HEDAD-0 chall describe the extert to whicii the
human performance reguirements, MIL-STD-1472 and other anpiicable human engineering
documents specifizdq in the contract nave bean incorporated into tne laysut, desion
and arrangement of eguicment having an cperator interface. Operater task analysis
results shall be presented as part of the raticnale supporting the laynut, design and
integration of crew station equipment.

10.2 Centent Reaquirerents. HEDAD-0 shall consist of the following crew station
and operator-related information:

1) List of each item of equipment having an operator interface and a brief
statement of tre purpose of each item of equipment. Separate lists shall be provided
for each operator's station.

2) List of specifications and drawings apuroved by human engineering at the
time of HEDAD-O preparation. When contractually required to prepare and submit the
HEDAD-0 early in the development process, the list shall also address documents where
human engineering approval is planned.
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D1-H-7056

10. PREPARATION INSTRUCTIONS (continued)

3) Descripticn of the crew station(s), emphasizing human
engineering design features. The following aspects of the (each) crew
station shall be descriped:

a) Llayout and Arrangement. One sketch, drawing or photograoh
of the (each) crew station shali be provided. These sketches, drawings or
photographs shall contain operator and equipment related reference points
(e.g., operator eye position, seat raference point) and scale. Cne sketch,
drawing or photograph of each item of crew station eguiprant shall be
provided; the poirt of reference shall be rorral to the item of equipment
and scale shall be indicated.

b) Controls and Displays. Tre layout and detail design of
each control/display parel (or control/display areas indercendent cof
panels) shall be descrited (e.g., phospher type, drightness, resolution,
contrast, color or other coding, contral/disnley ratio, control force
and range characteristics). Display symtoloqy, display formats and
control/display cperation ingic shall be described with regard to in-
tended use by the operator(s).

c) Operator Vision. Cperator vision to crew station items
of equipment shail be described using the operstor's normal eye positicn(s)
as the point of reference. When applicable, onerator external vision
shall aiso be described using the operator's rormal eye position{s) as
the point of reference; extent of external vision shall be related to
system mission requirements.

d) Environmental Factors. Operator life cupport systems,
protective clothing and equipmant, noise, vihration, radiation, tempera-
ture; ambient illumination, climatic effects and other relevant environ-
mental parameters shall be described.

e) Ingress/Egress. Normal and emergency ingress and egress
provisions/procedures shall be described.

fj Crew Station Lighting. Lighting characteristics and
lighting control systems shall be described.

g) Crew Station Signals. Warning, caution and advisory
signals shall be described with regard to signal characteristics, signal !
meaning, signal conseguences, operator procedures, cause of signal
activation and crew control over signal characteristics.

. h) Operator Posture Control. Seating, restraint systems
and other postural control techniques shall be described.

i) Communications Systems and Communications Systems
Control.

J) Special design, layout or arrangement features if
required by mission or system environment.
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D1-H-7056

10.  PREPERATION IHSTRUCTILHS (ceniined)

k) Multiple cperatcr ctations design, if applicatic.
Rationale for rumber of operators, arrangement of operators and alloca-
tion of functions to the operators snall be described.

4) Geometric lavout of tnhe crew station(s). Crew station
georetry shall be described usirc the seat refererice point or operator's
eye position(s) as a reference point., The position of each control,
displav, panel, etc., shall be described in terms of three-dimensional
space (X, Y, Z coordinates); onerator eye position shall ce describsc in
terms of svstem desion caordinates or as zerc (¥X), zero (Y) and zero
(Z). The center of each panel, display, contral, etc., shall be used as
the equiprment noin- cof reference. True angle to vision to each item of
equiprent shall 21s0 te shewn.

§) PRationale for human enginzaring design, layout and arrance-
ment of each item ¢of crew station eguipmert hLaving an ocerator interface.
The specific consideratigns of system mission {or system functicn):
equipment operation; overator seiecticn, trairing and skill require-
ments; ocerator rask performance requirements; and limitations imposed
on designs by th2 procuring activit nr state-of-thes-art shall te des--
cribed. The basis for reaciirg specific design, lavout and arrangement
decisioas shalil te orecented (o.g9., MIL-STD-1472 criteria, other human
engineering requireirerts specified in the contract, system encinzering
analyses, systems analyses, human enginzering studies, trade-off analy-
ses, meck-up recults, simulation results and human ergineering test
results).

/

6) Operator task analysic (se2 paragreph 6.2.5 of MIL-H-26855R8)
results shall be precented as part of the raticnale for crew station
design, integrztion and iavout. Th2 folicwing shall also te described:
methodology used %o ganerate task enaivsis results (e.g., paper and
pencil, corputer-besed simulatian, dynamic simulation); systen mission(s),
functicn(s) or otrer excgenous informa<tion used to "drive" the task
analysis; human perforrarce data (i.e., tim2 and errcr} ajainst which
task analysis rezults are corpared: and cperator assumptions fe.q.,
level of skill, training). Critica® tasks (see paragraph 6.2.1 of MIL-
H-468558) shall be clearly identified.

7) Narrative which providas rationile for zny need to deviate
from, or take exception to, MIL-STD-1472 or other contractual human
enginearing documents.,

8) Sketches, drawings or photographs of each item of equinment
being considered as alternatives or changes ta the selected (baseline)
crew station desiyn.

: 9) Design, arrangement or layout changes made since the last
HEDAD-0 preparaticn shall te descrided.

10.3 Format Requiraments. Contractor format shall be utilized.

U3 GOVERNMENT FRINTING OFF'CE  y.1).601-02. 19043
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